Technetium-99 is a long-lived, high-abundance fission product which has been widely distributed in the environment through atmospheric testing, the nuclear fuel cycle, and nuclear medicine. It has a high potential for migration in the environment as the pertechnetate anion. At 
Ru introduced from process chemicals, and precision/reproducibility is ~15-25%.
Introduction
Technetium-99 is a long-lived (2.1×10 5 a), high-abundance (6%) fission product which has been widely distributed in the environment through atmospheric testing, the nuclear fuel cycle, and nuclear medicine. It has a high potential for migration in the environment as the pertechnetate anion. This radionuclide is a weak beta emitter which is difficult to measure at low levels by decay counting methods. A number of mass spectrometric methods have been developed to address needs for low-level 99 Tc measurements, including thermal ionization mass spectrometry (TIMS), [1] [2] [3] inductively-coupled plasma mass spectrometry (ICP-MS), 4-6 resonance ionization mass spectrometry (RIMS). 7, 8 More recently, the feasibility of accelerator mass spectrometry (AMS) for 99 Tc measurements has been demonstrated. [9] [10] [11] Technetium-99 AMS presents technical challenges which are not encountered for the other radionuclides typically measured by AMS. These challenges relate to the lack of a stable technetium isotope. 9, 10 In AMS measurements of other long-lived radionuclides, Ru. AMS provides a significant advantage in this regard in that the high energy of the resulting ions allows the use of nuclear-physics type particle identification for the post-spectrometer rejection of this and other interferences. For the energies attainable with the CAMS spectrometer, a rejection of 99 Ru by up to two orders of magnitude is obtained.
AMS measurements of technetium-99 at LLNL

Sample Preparation
Our present samples are primarily aqueous samples or simple leachates of soils. Aqueous samples or leachates are reduced in volume to ~100 mL (small samples are diluted to ~100 mL) and boiled with peroxide to fully oxidize technetium and to destroy organics. 
AMS Measurement
AMS measurements are performed using the LLNL AMS spectrometer (Figure 1 ). 14, 15 Negative ions are produced in the cesium sputter source 16 Ion counting is performed using a gas ionization detector filled to 110 Torr with P10 (90% argon, 10% methane). Differential energy loss is measured in 3 anodes. Two dimensional spectra (first anode v. third anode), gated on the second anode, are used for particle identification. Ratios of Tc counts to Nb integrated charge, corrected for electronics deadtime and 99 Ru background, are computed for each sample. This ratio is converted to total sample 99 Tc by normalizing to the same ratio as measured for 99 Tc standards, then multiplying by the amount of Nb carrier solution added.
Results
We have measured 99 Tc in soil leachates and fresh and sea water samples. Sensitivity of 10-20 fg is typical for each sample type, and low-level standards containing 20 fg 99 Tc are readily measureable above background. Three difficulties have been encountered in these measurements. These are: variability in the measured ratios; matrix material which is not removed during sample preparation; and relatively high ruthenium levels in some samples.
To evaluate our methods, we measured 99 Since it is not known how this dilution might affect the measured Tc/Nb ratio, these samples are flagged as suspect. Efforts to fully identify and remove this remaining material is ongoing.
Initial experience shows that precipitation steps using calcium and barium, combined with additional rinse volumes of the column prior to elution, can reduce this material to acceptable levels in most cases.
In a recent depth profile of an arid soil using 60-220 g aliquots, the average and standard deviation of 18 baseline samples was 1±11 fg per aliquot ( Figure 3 ). Surface activity, presumably from fallout, of 0.1-2 mBq/kg was readily measurable above background. A near surface sample was also readily measureable above background, with a measured value of 15 fg 99 Tc in a 120 g aliquot. These results are still preliminary, but they demonstrate the sensitivity of the method.
Conclusions
AMS is a rapid, sensitive method for 99 Tc measurements in a variety of sample types. Low (Povinec, et al. 1999) . For the present work, 20 aliquots (1-10 g) were prepared as described in the text, then analyzed with other samples over the course of 3 days. The average for all values (solid line) is 190 mBq/kg with a standard deviation of ±14%. When the two most extreme outliers are excluded, the average remains 190 mBq/kg, and the standard deviation drops to ±10%. These AMS results should be considered preliminary. Tc in an arid soil. Samples, 60-220 g, were leached for 48 h at pH < 2, and the leachate was prepared and measured as described in the text. The average measured 99 Tc for samples below 100 cm depth is 1 fg per sample with a standard deviation of ±11 fg.
